We present the results of observations of the unidentified infrared (UIR) bands in the diffuse Galactic emission across the Galaxy by the Mid-Infrared Spectrometer (MIRS) on board the Infrared Telescope in Space (IRTS ). While previous studies on the UIR bands in the Milky Way were limited to the inner Galactic plane, we extend the observing area to the outer Galactic plane. In this paper we analyze the data of four areas of 8
INTRODUCTION
The unidentified infrared bands (UIR bands) are a family of emission bands that have been observed in various celestial objects, including planetary nebulae, reflection nebulae, and H ii regions (see Tokunaga 1997 for a review). The main components of the UIR bands are located at 3. 3, 6.2, 7.7, 8.6, and 11 .3 m, with fainter companion bands. The UIR bands have also been observed in the diffuse Galactic emission (Giard et al. 1988; Ristorcelli et al. 1994; Tanaka et al. 1996; Onaka et al. 1996; Mattila et al. 1996) and in cirrus clouds (Lemke et al. 1998; Onaka 2000) , as well as in external galaxies (e.g., Mattila et al. 1999; Helou et al. 2000; Reach et al. 2000; Lu et al. 2003) . The ubiquitous presence of the UIR band emission in the general interstellar medium indicates that the band carriers are an important component of interstellar matter. The UIR band emission is thought to come from the stochastic heating or the infrared fluorescence mechanism of very small grains or large molecules. It is generally believed that the emitters or emitting atomic groups of the UIR bands contain polycyclic aromatic hydrocarbons (PAHs) or PAH-like atomic groups, although the exact nature of the band carriers has not yet been fully understood (e.g., Duley & Williams 1981; Léger & Puget 1984; Sakata et al. 1984; Allamandola et al. 1985; Papoular et al. 1989; Jones & d'Hendecourt 2000) .
The diffuse Galactic emission consists of the UIR bands, as well as the far-infrared (FIR) emission dominated by the thermal emission from submicron dust grains in radiative equilibrium with the ambient radiation field. In addition, there is excess emission at 25-60 m, which has been attributed to the emission from stochastically heated very small carbon grains (Desert et al. 1990; Dwek et al. 1997) . The UIR band intensity is well correlated with the total far-infrared intensity estimated from the data longer than 100 m in the diffuse Galactic emission (Onaka 2000) . The FIR emission is proportional to the incident radiation field intensity G 0 in units of the solar neighborhood value and the absorption optical depth abs averaged over the incident radiation spectrum , while the stochastic heating or infrared fluorescence models for the UIR emission predict that the UIR band intensity is proportional to the radiation field intensity G 0 and the column density of the carriers. Thus if the column density of the band carriers is proportional to abs or the band carriers are well mixed with submicron grains, and if the energy sources of the UIR carriers and the submicron sized dust grains are the same or strongly correlated, the UIR band intensities are expected to be well correlated with the FIR intensity.
Each UIR band is assigned to different atomic bonds and vibration modes: The 3.3 m band is attributed to an in-plane stretching mode of CH, the 6.2 m band to a stretching mode of CC, the 7.7 m band to a blending of vibration modes of CC, the 8.6 m band to an in-plane bending mode of CH, and the 11.3 m band to an out-of-plane bending mode of CH (Allamandola et al. 1989b) . The bands of the CC bond are much weaker than those of the CH bond when PAHs are neutral; however, they become almost as strong as those of the CH bond when PAHs are ionized (de Frees et al. 1993; Szczepanski & Vala 1993) . Previous observations indicate that the average spectrum of the diffuse interstellar medium (ISM) shows a better agreement with laboratory spectra of ionized PAHs than with those of neutral PAHs (Hudgins et al. 1994 ).
PAHs in the ISM are, therefore, supposed to be ionized to some degree or completely ionized .
Variations in the relative band strengths, if any, should indicate the differences in the structure or physical conditions of the band carriers (Schutte et al. 1993) . Chan et al. (2001) have investigated the UIR bands in 5-12 m of the diffuse ISM in the Galactic centerand the W51 and Carina Nebula regions based on observations with the Mid-Infrared Spectrometer (MIRS) on board the Infrared Telescope in Space (IRTS ) and the ISOPHT-S on board the Infrared Space Observatory (ISO). They found no systematic variations in the band ratios within their observed regions, although the incident radiation intensity differs by 3 orders of magnitude. Recently Kahanpää et al. (2003) have reported the results of ISOPHT-S observations and presented the spectra of diffuse emission in 5.5-12 m at 29 positions on the Galactic plane for jlj 60 that do not contain any known Galactic or extragalactic infrared sources or molecular gas complexes. They found no systematic variations in the relative band ratios over a large scale in the Galactic plane, whereas they found a good correlation of the UIR band intensity with the IRAS 100 m intensity. These results indicate that the band carriers must be very stable and well-mixed species in the ISM and that the ionization degree, which is assumed to be related to G 0 =n e (where n e is the electron density) rather than G 0 , does not change appreciably in the observed areas (see Bakes et al. 2001; Vermeij et al. 2002) . On the other hand, Sodroski et al. (1997) have investigated a 12 m excess component in the diffuse Galactic emission, which traces the UIR band, relative to the farinfrared component using the COBE/ DIRBE data, from the inner to outer Galactic plane. They have indicated that the 12 m excess component is about twice as large relative to the far-infrared emission in the outer solar circle of Galactocentric distance D G > 8:5 kpc than in the inner solar circle. However, no systematic spectroscopic studies have so far been made for the diffuse emission in the outer Galactic plane.
In this paper we present the results of observations of the UIR bands in regions both of D G < 8:5 and D G > 8:5 kpc with the IRTS/ MIRS and examine variations of the UIR bands over a Galactic scale. In x 2 the observations are described, and the results are presented in x 3. The results are discussed in x 4, and a summary is given in x 5.
OBSERVATIONS
In this study we use the observational data taken by the MIRS on board the IRTS. The IRTS was the first Japanese satellite-borne infrared telescope and flew aboard the Space Flyer Unit (SFU-1), which was launched on 1995 March 18 . The MIRS was a low-resolution spectrometer with an 8 0 ; 8 0 wide field of view and consisted of 32 discrete detectors covering the wavelength range from 4.5 to 11.7 m. The spectral resolution of the MIRS was 0.23-0.36 m, depending on the wavelength (Roellig et al. 1994) . The performance of MIRS was calibrated in the laboratory, as well as on the orbit. An internal consistency of the absolute flux calibration of 5%-10% has been achieved, and the accuracy of the absolute wavelength scale is estimated to be AE0.06 m Onaka et al. 2003) .
During the course of the 1 month mission, the IRTS observed four different regions on the Galactic plane. In the present analysis, we use the data in four areas of jbj 4 with different Galactic longitudes; area I (À12
), area III (À136 l À128 ), and area IV (168 l 176 ). The IRTS had two scan paths: a north scan and a south scan . The IRTS encountered areas I and IV during the north scan path and areas II and III during the south scan path. Area I is close to the direction of the Galactic center, and the line of sight passes through the Sagittarius-Carina arm, the Scutum-Crux arm, and the Norma arm, which are all located in the inner solar circle (D G 8:5kpc). Area II includes the W51 region of the Sagittarius-Carina arm. Areas III and IV are the opposite directions of areas II and I, respectively, and both lines of sight pass through the Perseus arm of the outer solar circle (D G ! 8:5 kpc). Figures 1-4 show the IRAS Sky Survey Atlas (ISSA) 100 m intensity map together with the 7.7 m band intensity map (see x 3.1) for each area. In the following analysis we average the signals in a 8 0 ; 8 0 grid for areas I and II, while a 16 0 ; 16 0 grid is used for areas III and IV to obtain a sufficient signal-to-noise ratio, but at the cost of the spatial resolution. Areas III and IV do not have appreciable spatial structures, and this gridding does not degrade the spatial information. Figures 1-4 indicate a good correlation between the 100 m and the UIR band intensities for all the observed areas.
The surface brightness of the outer Galactic plane is rather faint compared with that in the inner Galactic plane. We carefully reexamined the dark current estimate and made a significant improvement, which enabled us to analyze the data in the outer Galactic plane with sufficient accuracy. We reduced the fluctuation of the dark current from 15%-25% to 5%-10% by this new estimate. The improved method is described together with the estimation of the sensitivity variation in Appendix A. From the fluctuations in the signals of the regions without apparent structures, we estimate the uncertainty in the surface brightness to be less than 1 ; 10
We subtract the zodiacal emission from the observed spectrum to extract the Galactic emission component. The zodiacal emission for each sample area is estimated from the spectra of the reference areas, which are chosen as close as possible (within about 5 ) to each sample area at both sides of the Galactic plane on condition that the zodiacal emission dominates over the Galactic emission and thus little Galactic emission is present. Averaging the spectra observed in the reference areas at both sides, we obtain the spectrum of the zodiacal emission for each area. The zodiacal emission generally has a spectrum that increases smoothly with wavelength, with small features in the 10 m region (Ootsubo 2002; Reach et al. 2003) . Figures 5a-5d show the observed spectra together with the adopted spectra of the zodiacal emission for areas I, II, III, and IV, respectively. Galactic emission dominates the obtained intensity in areas I and II, while zodiacal emission contributes a significant fraction of the observed intensity for areas III and IV. The absolute intensity of the continuum level of the spectra of areas III and IV may have uncertainties due to the uncertainty in the zodiacal emission subtraction, but the UIR band intensities are not affected because the zodiacal emission does not have corresponding spectral features. The uncertainty of the zodiacal emission is at most 5% of the observed intensity of the diffuse Galactic emission for area III, where the signals are the lowest among the four sample areas, and thus it is generally not significant in the estimate of the band intensities. Effects of the uncertainty in the zodiacal emission subtraction on the derived UIR band intensities are examined in x 4.1.
RESULTS

Characteristics of the UIR bands
The profile of the UIR bands is often modeled with a Lorentzian function (Boulanger et al. 1998; Kahanpää et al. 2003) . We fit the spectrum of the Galactic emission, F G , of 4.5-11.6 m with a combination of four Lorentzian functions and a linear baseline corresponding to the continuum emission to investigate the spatial variations of the UIR bands based on the fit parameters. The baseline may also include residuals in the subtraction procedure of the zodiacal emission. The observed spectrum is fitted with
where the subscripts of i ¼ 1, 2, 3, and 4 denote the UIR bands of 6.2, 7.7, 8.6, and 11.3 m, respectively, F i (k) is the profile of each Lorentzian function, L(k) is the profile of the continuum emission given by a linear function of the wavelength, h i is the height, Ák i is the FWHM, and k c i is the peak wavelength of the Lorentzian profile (Boulanger et al. 1998) . The parameters and are the coefficients of the linear component. Consequently, we have 14 free parameters, Ák i , k c i , h i (i ¼ 1, 2, 3, and 4), , and , to derive the fit spectra by a least-squares method.
Examples of the spectra of the Galactic emission with the zodiacal emission subtracted for each sample area are shown in Figure 6 together with the fit with equation (1). In every panel of Figures 6a-6d , the series of the UIR bands at 6.2, 7.7, 8.6, and 11.3 m are clearly seen. The Lorentzians fit the observed spectra fairly well in general. For areas I and II, the intensity levels of the observed spectra from 9 to 10 m are lower than the fit curves, which may be attributed to the effect of interstellar silicate absorption, although it is within the 1 level in area II. There are some possible excess emissions over the fit curves around 5.5 and 7 m, which might be related to the faint UIR bands at 5.45, 5.65, and 6.95 m (Bregman et al. 1983; Allamandola et al. 1989a ). The excess is all at the 1 level and thus the presence of the weak features in the diffuse Galactic emission needs further confirmation. Kahanpää et al. (2003) have indicated that the 7.1 m band may come only from compact sources. Figure 6 shows that the 8.6 and 11.3 m bands are stronger relative to the 6.2 and 7.7 m bands in areas III and IV than in areas I and II. However, as indicated by the dip in the 10 m region, the spectra of areas I and II may severely suffer interstellar extinction. It is necessary to estimate the extinction effect before examining the variations in the relative band strengths (see x 3.3).
The distribution histograms of the peak wavelength for each sample area are shown in Figures 7-10. These figures suggest that the peak wavelengths of the 6.2 and 7.7 m bands shift to shorter wavelengths by about 0.1 m in areas III and IV compared with those in areas I and II. The peak wavelength of the 11.3 m band also seems to shift slightly to shorter wavelengths in areas III and IV than in areas I and II. We derive the mean values of k c i and Ák i for each area by assuming that the distribution histograms can be approximated by Gaussians. This implicitly assumes that the wide distributions for areas III and IV result from the errors in the fitting because of the weak features. The differences between the inner Galactic plane (areas I and II ) and the outer Galactic plane (areas III and IV ) are clearly significant. The amounts of the shifts are, however, all less than the resolution of the MIRS. To confirm the difference in the statistical basis we apply the Mann-Whitney U-test on the peak wavelengths of the 6.2, 7.7, and 11.3 m bands between areas II and III and between areas II and IV. In every test the supposition that the shifts are not real is discarded even with the significance level of 0.01; thus, the shifts of the peak wavelengths of the 6.2, 7.7, and 11.3 m bands between areas II and III and between areas II and IV are all significant with the 99% level. Table 1 also lists Ák i and k c i derived from Kahanpää et al. (2003) on the basis of observations of diffuse Galactic emission for the inner Galactic plane of jlj 60 with the ISOPHT-S for comparison. The peak wavelengths of the present data in areas I and II seem to be slightly longer than those by the ISOPHT-S observations, but they are marginally in agreement within the uncertainty of the absolute wavelength calibration (AE0.06 m). The peak wavelengths can also be compared with spectra of H ii regions taken by the Short Wavelength Spectrometer (SWS) on board the ISO (Peeters et al. 2002a) . Since the spectral resolution of the SWS is much higher than the MIRS, we have smoothed the SWS spectra with the MIRS resolution and made Lorentzian fits to estimate the SWS peak wavelengths. The results are shown in the last rows of Table 1 . The peak wavelengths of the SWS data are marginally consistent with the MIRS results within the uncertainties (AE0.06 m). Further discussions of the comparison with the SWS spectra in the inner The intensity of each UIR band UIR i is estimated as the total area of the Lorentzian profile h i Ák i =2. In this estimate the heights of each band h i are calculated by least-squares fits of equation (1) with Ák i and k c i fixed as the values listed in Table 1 to reduce the errors due to the uncertainties in k c i and Ák i . The dispersions of FWHMs within each area are assumed to come from the statistical errors, and this fixing of Ák i and k c i does not introduce systematic effects on the estimate of the intensity of each UIR band. The data that indicate negative band intensities are regarded as being spurious and excluded in the following analysis.
Total Far-Infrared Flux
First we investigate the UIR band intensity relative to the total far-infrared intensity (FIR) of the thermal emission from submicron dust grains. Because of the excess emission at k < 100 m, we need data longer than 100 m to correctly estimate FIR. The COBE/ DIRBE observations provide the most suitable database for this purpose, but the beam size (42 0 in diameter) is too large to directly compare with the IRTS/MIRS data of 8 0 ; 8 0 . Recently Nagata et al. (2002) proposed a new method to estimate the dust temperature from the 60-100 m color based on the empirical relation between the 60-100 m color and the submicron dust temperature estimated from the DIRBE Zodi-Subtracted Mission Average (ZSMA) data of 100 and 140 m. This method enables us to estimate the dust temperature from only the 60-100 m color and thus to use the database of the ISSA 60 and 100 m to estimate the dust temperature and FIR with the MIRS spatial resolution scale. Figure 11 plots the color of the DIRBE ZSMA 60-100 m intensity against the estimated temperature for areas I, II, III, and IV. In each panel of Figure 11 , the data of jbj 1 :2 are shown with open squares, while the data of jbj ! 1 :2 are shown with filled circles. The temperature is estimated from the DIRBE 100 and 140 m intensities, assuming a dust emissivity of k À2 (Reach et al. 1995) and taking account of the color corrections. There are two branches seen in Figure 11 . One is a steeply increasing linear branch (hereafter sequence A), on which most of the data of jbj 1 :2 are located, and the other is a horizontal branch (hereafter sequence B), which is composed of the data of jbj ! 1 :2. For areas III and IV, however, we cannot clearly recognize sequence A since the ranges of the color are much smaller than those of the inner Galactic plane.
Sequence A suggests that the excess emission steeply increases in high radiation density regions. The trend is not compatible with the prediction from a simple stochastic heating model and may be interpreted in terms of multiple photon processes (Onaka 2000; Okumura et al. 2002) . In the present analysis we simply follow Nagata et al. (2002) and fit the line with a linear equation as
where T d is the dust temperature. The derived coefficients and of the fit are listed in Table 2 . They are consistent with those derived in Nagata et al. (2002) from the entire Galactic plane data.
Next we correct the systematic differences in the zero level and the flux scale of the ISSA relative to the COBE/DIRBE data by linear transformations in each area (Wheelock et al. 1994) . The results of the calibration for the ISSA 60 and 100 m against the COBE/ DIRBE 60 and 100 m are summarized in Appendix B. We determine to which sequence each datum belongs on the basis of the COBE/DIRBE data. If the observed grid is located in a COBE/ DIRBE position of sequence A, we use equation (2) to estimate the dust temperature from the 60-100 m color of the ISSA. If the grid is in a COBE/ DIRBE position of sequence B, we estimate the dust temperature by interpolating the data of the nearest four COBE/ DIRBE observing points. Since sequence B corresponds to the regions that have relatively smooth distributions in the color and intensity, this interpolation does not introduce significant effects on the estimated temperature.
Taking account of the color correction, we estimate the optical depth at 100 m 100 from T d and the ISSA 100 m Kahanpää et al. (2003) . c Peak wavelengths obtained by a Lorentzian fit of the SWS spectra of the inner Galactic H ii regions (IRAS 17221À3619, IRAS 18317À0757, and IRAS 19207+1410), smoothed to the resolution of the MIRS. See text. The SWS data were extracted from the SWS spectra Atlas (Sloan et al. 2003) . intensity. Assuming k / k À2 , the total far-infrared intensity FIR can be calculated as
where T d is in K. Figure 6 indicates that interstellar extinction may affect the UIR band intensities, particularly for areas I and II. Assuming that the band carriers and large dust grains are homogeneously mixed and that the ratio of the UIR band to FIR intensities is intrinsically constant within a given area, the observed UIR i band intensity, UIR obs i , can be given by
Extinction Correction
where UIR 0 i is the intrinsic band intensity of the UIR i band without interstellar extinction (Giard et al. 1989) . Assuming that interstellar extinction at each wavelength is proportional to 100 ( i ¼ k i 100 , where k i is the proportional constant), the observed ratio of the UIR band to FIR intensities UIR obs i =FIR can be written as
where
From the plot between UIR obs i =FIR and 100 , the parameters k i and N i can be estimated.
The four panels of Figure 12 show examples of the plots of UIR 0 i =FIR against 100 for area II. Similar plots are obtained for area I. Table 3 lists the derived parameters k i for areas I and II. The data points whose 100 is relatively small ( 100 0:055) have been excluded in the fitting. Because of the relatively large scatter, the parameters are determined with an accuracy of 10%-30%. Although formal errors are derived on the fit, the correlation coefficients are all around 0.4. If there is no correlation, the extinction becomes less severe in the inner Galactic region. Then the trend we describe in the next subsection becomes much stronger. The 1 errors in k i affect the ratios of the extinction-corrected UIR-FIR flux by at most 7%, 6%, 7%, and 7% of UIR 0 i (i ¼ 1, 2, 3, and 4) in area I, and 8%, 5%, 15%, and 10% of UIR 0 i (i ¼ 1, 2, 3, and 4) in area II, which also does not affect the results in the next subsection. For areas III and IV, the range of 100 is quite small, and the parameters k i and N i cannot be estimated reliably. We use k i in area II for areas III and IV. The extinction in areas III and IV is so small that this assumption does not have any effect on the results. Figure 13 plots the extinction-corrected 11.3 m band intensity, UIR 0 4 , against the total FIR intensity for areas I, II, III, and IV. The solid line of each panel is the fit by a least-squares method. The four panels of Figure 13 are scaled so that the slope of each fit can be compared directly. They suggest that UIR 0 4 =FIR is larger in areas III and IV than in areas I and II, although the scatter in areas III and IV is large. For UIR 1 , UIR 2 , and UIR 3 , the slopes are calculated in the same way, and the results are summarized in Table 4 .
In general, the intensity of each UIR band is larger relative to the FIR intensity in areas III and IV than in areas I and II even if the extinction effect is taken into account. Figure 14 plots UIR i / FIR of areas I, II, III, and IV with 1 error bars. The ratios of UIR i / FIR in areas I and II are all quite similar, while the UIR i / FIR observed in area III and IV are larger than in areas I and II. The differences are generally at the 1-2 level except for the difference in the 11.3 m band between area IV and areas I or II. For the 6.2 and 7.7 m bands, the difference between area III and areas I or II is at the 1 level, while that between area IV and areas I or II is at the 1-2 level. For the 11.3 m band, the difference between area III and areas I or II is about 2 , while that between area IV and areas I or II is larger than 3 . Figure 15 shows the band ratios relative to the 7.7 m band for each area. It suggests that the strengths of the 8.6 and 11.3 m bands are systematically stronger relative to the 6.2 and 7.7 m bands in the outer Galactic plane than in the inner Galactic plane. The differences in the relative band strength of 11.3-7.7 m between areas III and II are about 3 , and those between areas IV and II are also about 3 . The variation in the UIR-to-FIR ratio is not clear for the 8.6 m band, but the correlation of the band strength with the 7.7 m band indicates that the 8.6 m band is also significantly stronger in the outer Galactic plane. The 8.6 and 11.3 m bands are more subject to the extinction. However, the extinction to make up the differences in areas I and II requires very large corrections, which would then result in a strong upturn in the large FIR regime and large deviations from the linear correlations in the UIR-to-FIR intensity plots. A good correlation between the UIR band and FIR intensities has been suggested over a large scale in the inner Galactic plane (Kahanpää et al. 2003) , indicating that the present estimate of the extinction effect is reasonable and that the variations in the relative band strengths are real. Further observations and independent estimates of the extinction effects are highly important.
DISCUSSION
Alternative Estimates of the Band Strength
Lorentzian fits could introduce systematic errors in the estimate of the band strengths, particularly for faint features, and may suffer the uncertainty in the subtraction of the zodiacal emission. In this subsection we employ a more robust alternate method to estimate the band strength and examine the trends we obtained in previous sections. We define the UIR band intensity as the area enclosed by the following detector signals in the spectrum: the 6.2 m band between 5.965 and Note.-The numbers in the parentheses are 1 errors. 6.640 m, the 7.7 m band between 7.090 and 8.215 m, the 8.6 m band between 8.215 and 9.115 m, and the 11.3 m band between 10.915 and 11.590 m. This method is less subject to the continuum emission. We derived the extinctioncorrected UIR band intensities in the same way and examine the UIR intensity relative to the FIR intensity. Table 4 summarizes the ratio of the UIR intensity to the FIR flux for areas I, II, III, and IV on the basis of the new method. This also shows that each of the UIR intensities is larger relative to the FIR intensity in areas III and IV than in areas I and II. The difference is generally in the 1-3 range, and the degree of the increase in the outer Galactic plane compared to the inner Galactic plane is the same as those obtained by the previous method. The band ratio of the 11.3 m relative to the 7.7 m band is also larger in the outer Galactic plane than in the inner Galactic plane. This confirms that Lorentzian fits do not produce systematic errors and that present results are not affected by the method of estimating the band intensity and /or the continuum emission.
Variations in the UIR-to-FIR Ratio
The present analysis indicates that the UIR band to FIR ratio is larger in the outer Galaxy than in the inner Galaxy. Sodroski et al. (1997) have indicated that the 12 m emission in the COBE/ DIRBE data of the Galactic plane is about twice large in the outer Galactic plane as that in the inner Galactic plane relative to the far-infrared emission. The present data without the extinction correction are in good agreement with the results by Sodroski et al. (1997) . On the other hand, the trend cannot be attributed solely to the extinction effect. Thus this variation seems to be intrinsically present, although the difference in the ratio is marginally significant in the present analysis.
The UIR-to-FIR ratio is quite constant in the inner Galaxy, suggesting that the abundance ratio of the band carriers to submicron-sized dust grains does not vary appreciably in the general ISM (e.g., Onaka 2000) . A similar correlation seems to hold even in external galaxies (Dale et al. 2001) . Thus any deviation from this correlation should suggest key information on the formation and /or destruction processes of the band carriers relative to submicron dust grains. The formation process of the UIR band carriers is not yet well understood. Three major formation sites and mechanisms have been investigated: mass-loss from asymptotic giant branch (AGB) stars (Frenklach & Fiegelson 1989; Latter 1991; Cherchneff et al. 1992) , fragmentation of large carbon grains in diffuse cloud regions (Omont 1986; Jones et al. 1996; Greenberg et al. 2000) , and in situ formation in dense clouds (Herbst 1991) . Greenberg et al. (2000) have suggested that the ubiquitous presence of the UIR bands together with the small supply rate from mass-losing stars indicates that the first possibility is less likely. Some observations indicate an increase of the UIR-to-FIR ratio near the periphery of starforming regions, which can be interpreted as evidence for fragmentation formation of the band carriers (Bernard et al. 1993; Onaka et al. 2001; Abergel et al. 2002) . The large ratio in the outer Galaxy, on the other hand, suggests that the stellar sources may play a role in a global abundance ratio of the UIR band carriers since mass-losing carbon stars are relatively abundant in the outer Galaxy (Le Bertre et al. 2003) .
Alternatively, the increase in the UIR-to-FIR ratio may be interpreted if the destruction process of the band carriers is not as efficient in the outer Galaxy as in the inner Galaxy because of the lower star formation activities. Decrease of the ratio in ionized regions has been suggested in several H ii regionmolecular cloud complexes, supporting this interpretation (e.g., Bregman et al. 1989; Sellgren et al. 1990; Giard et al. 1994; Onaka et al. 1999) . The UIR bands in the Large and Small Magellanic Clouds have also been suggested to be weak compared to our Galaxy (Vermeij et al. 2002; Li & Draine 2002) , which can be related to low metallicity or strong radiation fields in their environments. These observations should be interpreted together with the present results to understand the formation and /or destruction process of the UIR band carriers. Part of the variations in the UIR-to-FIR ratio, particularly for the 11.3 m band, comes from the variation in the relative band ratios and are thus also related to the variation in the structure or physical conditions of the band carriers (see next subsection). Therefore it is quite important to confirm the variations in the band to FIR ratios for the 6.2 and 7.7 m bands, for which the present analysis gives only marginal differences, by more sensitive observations.
Variations in the Band Ratios
Several observations around discrete sources suggest spatial variations in the relative band ratios (e.g., Sloan et al. 1993; Bregman et al. 1993; Joblin et al. 1996) , which can be attributed to the changes in the physical conditions. However, the variations in different objects seem to be not systematic with any physical parameters (Lu 1998) , and no systematic variations in the band ratios have been reported so far in the diffuse Galactic emission Kahanpää et al. 2003) . Observations of the edge-on galaxy NGC 891 did not indicate systematic variations in the band ratio either (Mattila et al. 1999) , although possible extinction effects may complicate the interpretation for this case. The present study has suggested for the first time that the 8.6 and 11.3 m bands are systematically stronger relative to the 6.2 and 7.7 m bands in the outer Galaxy than in the inner Galaxy. A strong 11.3 m band has also been suggested in the UIR band spectra of the Small and Large Magellanic Clouds (Reach et al. 2000; Vermeij et al. 2002) .
Ionization significantly increases the band strengths of the features in the 5-10 m region (de Frees et al. 1993; Szczepanski & Vala 1993; Peeters et al. 2002b) . Thus the increase in the 11.3 m band may indicate a lower ionization degree, which may be accounted for by less energetic radiation fields in the outer Galaxy. However, the ionization also increases the 8.6 m band strength, which is incompatible with the present results. The variations seen in the Magellanic Clouds do not show correlations with the ionization parameters (Vermeij et al. 2002) .
The 8.6 and 11.3 m bands are attributed to CH bonds, whereas the 6.2 and 7.7 m bands are ascribed to CC bonds. Thus dehydrogenation or compactness of the molecular structure can change the 8.6 and 11.3 m band strengths relative to the 6.2 and 7.7 m bands. These effects can be best probed by the features in the 10-15 m region (Allamandola et al. 1989b ). The MIRS spectra did not cover the region longer than 12 m and definite conclusions cannot be given. Vermeij et al. (2002) have, on the other hand, suggested that the difference in the molecular structure is the major cause of the variations seen in the Magellanic Clouds and our Galaxy.
Variations in the Peak Wavelengths
The present analysis indicates clear variations in the band peaks between the inner and outer Galactic plane. All the bands shift to shorter wavelengths in the outer Galactic plane except for the 8.6 m band peak in area IV, which shows a shift in the opposite direction. This band is weak, and the peak wavelength in areas I and II may be affected severely by interstellar extinction. The amounts of the band shifts are all about 0.1 m and thus are smaller than the MIRS spectral resolution. The bands are also narrower than the MIRS resolution. Thus we cannot distinguish whether the apparent shifts are real or the results of the band profile changes (see below). Particularly the 7.7 m band consists of multiple components, and the peak wavelength in the MIRS spectrum should depend on the relative strengths of the subcomponents. Peeters et al. (2002b) have reported the peak wavelength variations for the 6-9 m UIR features in various celestial objects. Particularly in some post-AGB stars and planetary nebulae, the 6-9 m bands systematically shift to longer wavelengths, while the shifts in the 3.3 and 11.3 m bands are small and not completely correlated to the variations in the 6-9 m features . The shifts may be attributed to hetero-atom substitutions of PAHs (Peeters et al. 2002b) . Recently Wada et al. (2003) have proposed that inclusion of 13 C in the carbonaceous band carriers can make sufficient isotopic shifts in the emission bands to account for the observed shifts in post-AGB stars. They have indicated that the isotopic effect can account for the systematic shift pattern seen in the UIR band peaks reasonably well. Since the 13 C/ 12 C ratio decreases with the Galacto-centric distance (Wilson 1999; Boogert et al. 2000; Savage et al. 2002) , part of the shifts may be attributed to the isotopic shifts.
Spectra of H ii regions are supposed to have a good correspondence to the diffuse Galactic radiation. Preliminary investigations of spectra of Galactic H ii regions taken by Peeters et al. (2002a) with the SWS on board the ISO indicate that the peak wavelengths of the UIR bands do not vary among the sources in the inner and outer Galactic plane, but the bands in the sources of the inner Galactic plane seem to have larger tails at the longer wavelength side. If this trend is confirmed, the shifts seen in the MIRS spectra may come from the variations in the band profiles rather than true shifts in the peak wavelengths (see Table 1 ). Then this trend can be interpreted in terms of the increase of the band carriers with the longer peak wavelengths in the inner Galactic plane. Further observations with higher spectral resolution of the diffuse Galactic radiation are strongly needed to examine the origin of the observed peak shifts.
SUMMARY
We analyze the IRTS/ MIRS data of four areas of 8 ; 8
around the Galactic plane (jbj 4 ), À12
l À4 , 44
l 52 , À136
l À128 , and 168
l 176 , and investigate the UIR band intensity relative to the FIR intensity, as well as the variations in the relative band strengths. We have found three characteristic variations in the UIR band spectrum.
We have found a good correlation between the UIR band and the FIR intensities in the four regions and a systematic variation in the UIR-to-FIR ratio such that the ratio becomes larger in the outer Galactic plane than the inner Galactic plane. The difference is about 3 for the 11.3 m band but at the 1-2 level for the other bands. This trend suggests that the relative amount of the UIR carriers to the submicron dust grains is larger in the outer Galactic plane than in the inner Galactic plane. It can be interpreted in terms either of the large abundance of the band carrier sources in the outer Galactic plane or of the presence of efficient destruction processes in the inner Galactic plane.
The 8.6 and 11.3 m bands are found to be stronger relative to the 6.2 and 7.7 m bands in the outer Galactic plane than in the inner Galactic plane. The variation may be attributed to the difference in the structure or physical conditions of the band carriers between the inner and outer Galactic plane as indicated for the Magellanic Clouds, but definite conclusions cannot be derived from the present data.
We have also found variations in the peak wavelength of each UIR band between the inner and outer Galactic plane. It can be attributed either to the variation in the profiles of the UIR feature or to the true variation in the peak wavelengths. A preliminary study of ISO SWS spectra of several H ii regions suggests that the former may be the case. Further investigations with higher spectral resolutions are definitely needed to understand the origin of the shifts. This trend may be interpreted in terms of the increase in the 13 C/ 12 C ratio in the inner Galactic plane.
The present investigation has indicated several variations in the UIR bands of the diffuse Galactic radiation for the first time and suggested a possibility to elucidate the nature of the band carriers by further detailed studies of the variations. Since only four regions on the Galactic plane are investigated by the MIRS and some differences are at marginal levels, it is difficult to examine whether the variations have a continuous trend or rather depend on local physical conditions of particular regions. Further investigations of the variations in regions with various Galactocentric distances are very important for examining the nature of the variations.
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The IRTS passed over the South Atlantic Anomaly (SAA) region in approximately one-third of its orbits (5-7 of 15 times) each day. The SAA is oA the coast of Brazil, where a disturbance in the Earth's magnetic dipole Beld allows the Van Allen charged particle belt to come closer to the Earth's surface. While the IRTS was in the SAA, the sensitivity of each detector had become badly lowered, which recovered gradually after the IRTS had passed through the SAA. The sensitivity variation patterns can be estimated from the calibration lamp data taken during the calibration sequence every 1048 s. Figure 16 plots the calibration lamp data of a typical detector (7.315 m channel) against time t after 1995 March 29 0:00 (UT), about 12 hr before the aperture lid was ejected. All the calibration lamp data are normalized to the average value of the data, except for those taken within 3000 s after passage through the SAA.
In Figure 16 several characteristics of the sensitivity variation pattern can be seen. The first characteristic is the moonlight eAect, which causes decreases in the sensitivity from 0:92 ; 10 6 to 1:05 ; 10 6 and from 2:05 ; 10 6 to 2:115 ; 10 6 s. In the present study the data from during these periods are discarded. The second characteristic is a long-term variation throughout the mission: the sensitivity started from a relatively high value, decreased until the time around 0:5 ; 10 6 s, and stayed at an almost constant level Fig. 16. -Sensitivity variation for a typical detector (7.315 m) over the entire MIRS observation period. The sensitivity was calculated by normalizing the calibration lamp data to the average value. from 0:5 ; 10 6 to 2:3 ; 10 6 s. The third characteristic is the SAA eAect, which lowers the sensitivity of the detectors every time that the IRTS encounters the SAA. Figure 17 shows the SAA's eAect on the sensitivity in a shorter time span. The sensitivity became almost 70% just after passage through the SAA, recovered gradually, and reached up to 95% within 3000 s after passage through the SAA (Roellig et al. 1994; Onaka et al. 2003) . This Bgure shows that the interpolation of the calibration lamp data is good enough to estimate the variation in the sensitivity due to passage through the SAA.
A2. DARK CURRENT VARIATION
The dark current was also measured during the calibration sequence every 1048 s and is shown in Figure 18 against t for a typical detector of 7.315 m (hereafter called the ''measured dark current'' [MDC]). As we can see in Figure 18 , the MDC shows a variation pattern similar to the sensitivity variation, which indicates that the dark current was also aAected by the SAA. However, we cannot reproduce the variation pattern of the dark current by simply interpolating the MDC because of the low signal-to-noise ratio of the measurement for a calibration sequence.
To reproduce the variation pattern of the dark current, we choose an area that is located near each sample area and is as uniform as possible in the sky brightness with negligible Galactic emission (hereafter ''reference area'' [RA]; see Fig. 19 ). We assume that the signals S in the RAs consist only of the sky brightness S sky and the dark current D, and that S sky does not change within an RA. We estimate S sky by minimizing P (S À S sky À MDC) 2 for jt À t M j 600 s, where t M is the time when the MIRS passed the RA. Then the dark current in the RA is calculated as S À S sky . The RAs are chosen so that jt G À t M j 100 s, where t G is the time when the MIRS observed the Galactic plane for each area. We assume that the dark current does not change for jt À t M j 100 s and thus use S À S sky as the dark current at the observation of the Galactic plane. 
where F IRAS (k) is the Cux density in MJy sr À1 at k (60 or 100 m) of the ISSA data, which is averaged to match with the DIRBE beam size of 21 0 in radius; F DIRBE is the Cux density at k of ZSMA; and a k and b k are the gain and oAset in the transformation, respectively. Table 5 lists a k and b k with 1 errors in the parentheses obtained by least-squares Bts in each region. The gain values, a k , in Table 5 are compatible with those in the ISSA-DIRBE transformation estimated for the Galactic polar regions (Wheelock et al. 1994 ) (the last row of Table 5 ). The oAset b k simply indicates uncertainties in the zodiacal light subtraction and is large in area I, where the zodiacal light is signiBcant and the ISSA data may have large uncertainties.
